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Interim Technical Report 
NSF Grant CHE-7900923 
New Functional Groups and Hypervalent Molecules 
1. We estimate that no funds will remain unexpended or uncommitted at the 
end of the current support period (Sept. 30, 1981). 
2. Current Support and Pending Proposals. 
Agency - N.I.H. 
Project Title - The Chemistry of New Functional Groups in Enzymes 
Annual Award - $59,783 for period 03/01/81 - 02/28/82 
Support Recommended for Balance of Project 
Period $62,605 for period 03/01/82 - 02/28/83 
% Effort Acad. 12.5% 
Summer 100% 
We have no pending proposals other than this request. 
3. Progress Report: 
The numbering of topics in this report follows from our proposal. 
1. Hypervalent First and Second Row Molecules. 
The structure of the product, 1, resulting from the reaction of the 
1,2-dipole, 2, with CF3OF has been determined by NMR F ig spectroscopy 
to have non-equivalent fluorines. This would seem to end our search 
for hypervalent carbon. In one last attempt, we carried out the 







No evidence for the hypervalent species, 3, was forthcoming. 
c NyL. c4 
2. Thione Ylides  
(a.) Ylides from Bis-thioimidazolium salts. 
The reaction of gem-dihalides with dimethylimidazolethione 
give the corresponding bis-salts, 4, whose base catalyzed de-
composition give the substituted ethylene derivatives, 5, at 
temperatures of 30-80 ° . 
	
Ra  (.14 	__I. P. N7■ 12, 
2.7C- 	 R. 
5 
g.1 ---4cN, 	atl<yl 
This coupling reaction would have some synthetic utility if 
the following transformation of the produce 5 could be developed. 
5 
and we are currently studying the reaction of 5 with "soft" nucleo-
philes such as PhSH, PhS or PhSeH, PhSe - with the hope of finding 
a reaction: 
• >-•ssrn 
(b.) Selenone Ylides  
The first example, 6, of a stable selenone methylide has been 
isolated and characterized by x-ray crystallography. The non-
planarity of substituents about the CSeC plane was similar to that 
Lok i-13 
" 2-- se 
bk-N 	 co I c1-1 3 
1 
6 
CSeC plane was similar to that previously determined for the 
corresponding sulfur ylides. Such selenium derived ylides decompose 
in solutioh to tetra substituted ethylene derivatives at temperatures 
much below (0-30 ° ) those of the sulfur congenus. As in (a.) above 
we are currently looking into this coupling reaction as a general 
C=C bond formation synthetic method. Some reactions now under 
investigation are: 
Ri c.14 Br • 
A
'P!c 	..... 	Rici-iSoz Ph X - 
i 
(t-2Pri 	 e“ 
-4- • •  
4-1 




• • V 
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3. Synthetic Application of Hypervalent Intermeidates  
(a.) Thione Methylides 
We have discovered the reaction conditions Ctime, temperature) 
which effect the "pseduo" wittig reaction of 7 with ketones  
(formerly only a reagent for aldehydes). 
I 
N+ 
ti>—S — (-14 COzC113 	 0 —.o. 444 C-0 2.(-143 
7 
This will allow us to proceed toward the synthesis of the important 
agent (for severe acne and possibly useful as an antineoplastic 
agent) 13-cis-retenoic acid. We have begun, as follows: 
(b.) Phosphile Sulfide and Selenide Methylides 
We have extended out studies on the reaction of the title 
ylides with aldehydes and found the stereochemistry of the 
acrylate ester product to be a function of the method of generat-
ing the ylide (below). 
[CCH 3 32 	+ E1rCH2CO2CH3 
X=Se 1^ 11• X=S 
[(CH 3 ) 2]3 i" XCH 2 CO 2CH 3 
1 4  
—P-X-CH2C 2CH 3 
RCHO 
RCH=CHCO 2CH 3 
A. DSLJ,CH .3CN 
DBU,CH 3CN, Lit 
C. Na0H 1 1-1 20,CH 2C12 ,Et 3 Eu N Cl 





Z E Z E i 
60 40 60 40 
75 25 93 2 
70 30 SO 50 
0 100 50 50 
Thus, a stereospecific formation of either isomer may be selected 
using as variables the central atom of the ylides or its method 
of preparation. Interestingly, ylides generated with ketone 
stabilizing substituents (rather than ester) undergo the following 
internal rearrangement and fragmentation faster than reaction with 
A 
C 
an external aldehyde. We can offer no explanation for this. 
R=Ph,CH 3 















however, after a few hours in solution this ylide underwent re-
arrangement to 
[(CH ) N] PC(CO CH ) 
3 2 3 	2 3 2 
s- 
Finally, in an attempt to generate an isolable hypervalent species: 
we subjected tri-dimethylaminophosphine sulfide to bromination. 
The product isolated and characterized by x-ray crystallography 
is shown below. 
[0-131 2N]3 P - 
Br2 
- P -S 
1 	I Br 
Br 
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I. Technical Report 
1. Thione Ylides  
We have continued our investigation on derivatives of thione ylides 
including some new reactions of the disulfide 1. In the presence of one 
equivalent of water 1 is presumably transformed into the electrophilic 
species 2 which is capable of reaction with alkenes and enols as illus-






















methylcyclohexanone is interesting and we are currently investigating its 




R = alkyl, aryl 
which illustrate a potential synthetic use for 1. Furthermore, we found 
that salts with the general structure 4 react efficiently at -78 9 with 







This reaction, which probably proceeds via a single electron transfer, 
homolysis, and radical pair combination provides an excellent vehicle for 
the transformation: 




--C-- 	or 	X --CH
2
--C-- 	+ 	RLi ...-) 
2. Selenone Ylides  
We have initiated studies upon the chemistry of substituent stabilized 
selenone Se-methylides. The precursor selenone 6 has been prepared by the 
following reactions: 
I Br 	+ 	Se 	Me0Na, Me0H  70% reflux, 5 mini 
DBU, pyridine , „w 
reflux, 12 hrs • 	" 
 
6 
-3- 	 CHE-7900923 
and readily reacts with alkyl halides to give salts. First, we investigated 
the base catalyzed deprotionation of such salts derived from allylic halides 




CH =CHPhMOWL'  (PhCH= CHCH 2 F 
Br 	 80% 
7 
Although the mechanism of this novel reaction remains abscure its synthetic 
utility is obvious. We have coupled geranyl bromide by this route and are 
currently studying the farnesyl unit as a precursor to a squalene synthesis. 
I 
/'/'■ 	Sc 	 N 
k,— 
75% 
3. First Row Central Atom Ylides  
We have prepared the very stable substituent stablized azomethine imine, 
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Both 8 - and 9 exhibited a 1 H-nmr singlet for the imidiazole N-Me groups at 
room temperature and therefore are truly 1,3-dipoles. No photochemistry or 
thermal reactions of these ylides have been investigated to date. 
4. Synthetic Application of typrevalent Intermediates. 
The Wittig Reaction. 
We have made considerable progress in studies of the Wittig . Chemistry 
of the two new classes of 1,3-dipoles, Phosphine S-methylides (10) and 
Phosphine Se-methylides (11). 
	
+ 	- 	 - 
R
3






The requisite precursor salts were obtained via reaction of the phosphine 
sulfide or selenide with iodoacetic ester in the presence of aqueous sodium 
fluoroborate. Deprotonation of these salts with sodium methoxide, sodium 
hydroxide or DBU gave the transient ylides, 10 or 11, which react readily 
with aldehydes to give the corresponding substituted a,B-unsaturated ester 
in 70-80% yield. The stereochemistry of this reaction is as follows: 
ylide 	 cis 	 trans- 
14 50% 50% 
TS. 60% 40% 
Tg. 	+ LiI 95% 5% 
We are currently investigating the analogous reaction with ketones and 
plan a synthesis of some vitamin A analogous such as esters of cis-retenoic 
acid. 
-5- 	 CHE-7900923 
II. Estimated Remaining Funds 
We expect to have no remaining funds at the end of the period for which 
the NSF is currently providing support. 
III. Current Support and Pending Proposals 
We have no pending proposals other than this request. 
Current support of Edward M. Burgess, Principal Investigator 
Agency - N.I.H. 
Project Title - The Chemistry of New Functional Groups in Enzymes 
Annual Award - $57,121 for period 03/01/80 - 02/28/81 
Support Recommended for 
Balance of Project 
Period - 
	
$59,783 	03/01/81 - 02/28/82 
	
62,605 03/01/82 - 02/28/83 
% Effort 	 ACAD. 	12.5% 
SUMM. 100% 




New Functional Groups and Hypervalent Molecules 
Edward M. Burgess 
School of Chemistry 
Georgia Institute of Technology 
10/1/79 - 3/1/83 
Final Progress Report  
1. 	Witti Reactions of Thione Meth lides. The S nthesis of 13-cis Retenoic.Acid 
We have optimized the conditions for reaction of the ylide, 1, (generated 
in situ) with ketones. In model studies, usind DBU as the base and acetonitrile 












Extension of this reaction to 13-cis retenoic ester, 2, gave the stereoisomeric 
products in a cis/trans ratio of 2:1. LiBI4 was added in an attempt to increase 
the amount of cis-product as had been previously observed in the reaction of 
1 with aldehydes. Since the reaction of 1 with ketones is much slower than 
with aldehydes the added salt resulted in demethylation. 
2. New Wittig Reagents  
We have made considerable progress in studies of the Wittig Chemistry of the 
two new classes of 1,3-dipoles, Phosphine S-methylides and Phosphine Semethylides: 
ksP- s- c.H e 	 Rs P— se --Z*4 12.' 
12= AIMet 
cozEt 
The requisite precursor salts were obtained via reaction of the phosphine 
sulfide or selenide with iodacetic ester in teh presence of aqueous sodium 
fluoroborate. Deprotonation of these salts with sodium methoxide, sodium 
hyroxide or DBU gave the transient ylides, 14 or 15, which react readily with 
aldehydes to give the corresponding substituted a,B-unsaturated ester in 70-80% 
yield. 
Studies on the reaction of the title ylides with aldehydes found the 
stereochemistry of the acrylate ester product to be a function of the method 
of generating the ylide (below). 
[(CH3)2 N]3P.-X + grCH2CO2CH3 
X=Se 14 	 1[X=S 
PCH3)213 1`XCH2CO2CH 3 BF 
- X-CH2CO2CH 3 
RC HO RCH=CHCO2CH3 
A. DBUI CH3CN 
B. DBU,CH3CN, UI 
C. Na0H, H20,CH2C12 ,Et3Eut:1 CI 






60 40 60 40 
75 25 98 2 
70 30 50 50 
0 100 50 50 
Thus, a stereospecific formation of either isomer may be selected using as 
variables the central atom of the ylides or its method of preparation. 
Interestingly, ylides generated with ketone stabilizing substituents (rather 
than ester) undergo the following internal rearrangement and fragmentation 
faster than reaction with an external aldehyde. We can offer no explanation for 
this. 
R= Ph I CH3 














however, after a few hours in solution this ylide underwent rearrangement to 
[(CH






3 ) 2 L 





we subjected tri-dimethylaminopnosphine sulfide to bromination. The product isolated 




— P —S 
1 	I Br - 
Br 
3. 	Oxidative Chemistry of Disulfides  
The reaction of 1,3-dimethylimidazolthione (1) with 0.5 equivalent of bromine at 0 °C in 
methylene chloride solution gives the disulfide, 2(X=Br), mp 240-241 °C (dec.) as published 
in 3. Amer. Chem. Soc., 99, 2376 (1977). 
4- 
(111)°5 
)— f a 	
2 X' 
1 
The following observations in the chemistry of 2 have not been published. 
By suitable anionic exchange procedures various salts (X=Cr, Bce 0S02CF3) are 
available and the triflate salts have good solutility in acetonitrile and are suitable for 
aprotic solvent reactions. All salts are water soluble. When any one of these salts is 
dissolved in water the pH drops to 2. Evaporation of the water gives back quantitatively 
2. Addition of base (sodium hydroxide, sodium carbonate, sodium bicarbonate) to the 
aqueous solutions of 2 gives dioxgyen andl. No intermediate could be detected by NMR 
analysis in D20. By polarography the onset of a detectable oxygen wave occured at pH = 
4.5 and the reaction is very fast at pH 6.0. Using a single cell consisting of two Pt-
electrodes and an aqueous solution of a neutral electrolyte (such as NaCl) the potential 
across the electrodes was adjusted just below the threshold for visible gas formation at 
either electrode. Addition of Z to this cell at this potential led to immediate formation 
of gasses at both electrodes. No quantitative measurement has been made of the 
efficiency (0 2 production vs. time vs. potential) in this cell with and without 2, but the 
above qualitative observation suggests that I may function as a catalysis for the 
electrolysis of water at advantageous cell voltages. It has been demonstrated that 1 is 
oxidized to 2 at a working anode in aqueous solution containing HCl at pH 1-2. 





The exact mechanism of this reaction is unknown but the following observation suggest a 
few key intermediates. As a model the first step in the reductive hydrolysis of 2 may 
begin agreement with pH observation in water. The ability of a imidazolium substituent 
to stabilize hypervalent bonding at sulfur is discussed in the enclosed preprint . Action of 
base on 2 may give 4 which disproportionates to oxygen and 1. 
2 4. iko ;v4,- 
141 
L71-1;4 )k— 	11 .4 
04_5, zot 
I 1 	fia,1 + 
Simple sulfoxides, R 25-0", are known to undergo disproportionation to sulfides, R 25, 
and sulfones, R 2S02 at elevated temperatures and in the case of 4 this may be a facile 
reaction leading to 5. If this is the case then 5 must also rapidly give oxygen and 1, In 
order to gain some support for this mechanistic model the action of various oxidizing 
agents on I to hopefully give A or 5 was investigated. In all cases examined (below) the 




+ 14.0 1 + rtg)td40 Itcofrti 
However, if the oxidation of I was carried out at low pH with a percarboxylic acid the 
result was 2. 
4. 	14c1 	d! 	CI 1 	IC ti 




tid.5 	 bst(csi s) s♦ 
I 
+ os. 	Cciis).ssil.r 	thEir 
In other attempts to obtain 5 the reaction of Iithio-derivative 6 with sulfur dioxide led 
to the formation of I. 
INN 
Details of this observation are discussed in the enclosed preprint. 
We may conclude that ,Z rapidly gives 1 and oxygen and that 4 may also give 1 and 
oxygen possibly via its transformation to 5. All of these reactions appear to proceed 
at rapid rates even at low temperatures and thus represent a reaction sequence 
with no large energy of activation single steps. 
This class of reaction is not limited to 6. Oxidation of tris(dimethylamino) phosphine 
sulfude, 10, with NOBF4 gives a disulfide which also oxidizes water. 
+ 





1. None in Print 
2. The enclosed preprints are submitted to the J. Amer. Chem. Soc. (The 
Conversion of Thiourea Dioxides to Dioxygen) and the J. Org. Chem. 
(Substituent stabilized Thione S-Inides). 
3. We contemplate a publication on the phosphine S- and Se- methylides as 
well as one on the retenoic acid study. 
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Since the first successful synthesis of isolable thione S-imides, 
(best represented by canonical structures 	and )) stabilized by a combination • 
of II-acceptor substituents
1 
or a combination of E-acceptor (R') and donor (R) 
groups
2 
interest in this new sulfur functional group has continued. Studies upon 







, cycloadditions l and synthetic utility 6 





We undertook the synthesis of and in in order to study some fundamental 
reactions of thione S-amides stabilized by various E-donor substituents but with a 
common 11-acceptor group. Both ylides CZ, m.p. 133-4 ° dec; 	m.p. 185-190° dec.) 
were conventiently (91-94% yield) 
-2- 
prepared by the reaction of Chloramine-T trihydrate with the appropriate 
thiourea in methanol solution at 0-27 ° . Analogous reactions of dimethylthio-
formamide and 9-xanthione at -30 ° to -50 ° gave only sulfur and the corresponding 
N-tosylimine. 
If the stabilizing substituents are inefficient in charge delocalization in 
either kk or 	the ylide structure no longer lies below the valence isomeric 
thiaziridine, k, in potential energy and undergoes facile [1,3]-electrocycli-
zation to give k which subsequently undergoes rapid loss of sulfur and formation 
of an imine,
2,4 
The difference in the thermal chemistry of 	and 	reflects this. Thione 
S-imide, Z, having a II-donor substituent which delocalized positive change over 
a fewer number of atoms, readily (in-refluxing THE or at 120 ° in the solid state) 
gives N-tosyl-N',N"-dimethylguanidine and sulfur while 3 with greater change 
% v 
delocalization is stable up to 145 ° (refluxing o-xylene). Both and have ha
unrestricted rotation about the C-S and C-N bonds in solution at room temperature 
as indicated by the nmr chemical equivalence of the N-methyl groups. Thus, the 
electrocyclization barrier is free of rotational constraints and determined 
primarily by the charge interaction between the termini of the 1,3-dipole. 
A striking reversal of this reactivity difference is deMOnstrated in the 
hydrolysis of and The dimethylimidazolium substituted ylide reacts very 
rapidly (t1/2 < 5 min) with H20/Me0H at 25 ° to quantitatively afford N,N'-dimethyl- 
. 
imidizolthione (t) and tosylamide while is unaffected by 20% HC1 in Me0H/H20 
-3- 
at 25 ° . It should be noted that in the observed reaction the sulfur moiety has 
been reduced to the thione level and the expected hydrolysis product, a thione 
S-oxide (0, was not present. Attempts to prepare by other routes proved 
fruitless but interesting. Thioamides have been oxidized to the corresponding 
stable S-oxides by a variety of peroxo-compounds
7
. Treatment of 6 with a 10-fold 




at 25 ° resulted in a vigorous evalution of 0 2 
and rapid 
formation of m-chlorobenzoic acid while k was recovered unchanged. Similar results 
occurred with aqueous H202 . We must conclude that 7 undergoes a facilile  
decomposition to dioxygen and and thus the overall hydrolysis reaction of 
may be represented by the sequence; 
1 
The difference in reactivity between ,1 and Z and the mechanism for the con-
version of to Z may be explained in terms of an intermediate, k, whose tri-
coordinate central hypervalent sulfur atom enjoys considerable stabilization 
eno 




by the equitorial 11-donor substituted carbocation.
8a 
If the rate of hydrolysis 
depends upon the transition state (product-like) leading to the hypervalent 
intermediate, then the stability of this intermediate and the reaction rate is 
a function of energetic placement of the equitorial II-substituent. The lowest 
3-center bonding orbital (o) of the coaxial hypervalent orbital array has the 
proper symmetry to interact with the empty substituent orbital (p) and the 
magnitude of this interaction is inversely dependent upon the energy difference, 
E
0 
 - E (Fig. I). The more delocalized Imidazolium cation lying lower in 
energy is therefore more effective in stabilizing (lower energy) the hypervalent 
0-bond, thus 
3  is more reactive than Z. 
cr -it- 
_.•• 
Zetvakj. Diagram for a hypervalent a-bond and equitorial substituent p-orbital 
interaction. 
The effect of the II-donor substituent on the chemistry of ylides and Z 
may be demonstrated in another unusual reaction. As observed in the case of 
thione methylides,
8b 
treatment of with tetramethylthiourea in MeC1 2 solution 
at 30° rapidly and irreversibly affords Z and k. This substituent transfer 
-S- 
reaction proceeds in a direction to give the ylide with the less effective ii-
donor substituent. Again, if hypervalent intermediates are involved; those with 
imidazolium substitution at the hypervalent sulfur atom are more stable than 
those with the amidinium substituent. The latter, if formed, should irreversibly 
undergo loss of an axial ligand. A mechanism for_this exchange reaction may be: 
lav • . + 
›-L-5 —74 R -i- t>. s 
ti 
14 
, _s _ 	2. 4 	s 
eZ 	 Q
,, 
erni= (:,` 	3 E#2.- meth)— 
, 
In conclusion, substituent stabilized thione S-imides demonstrate reactions 
which critically depend upon the ability of the II-donor substituent to stabilize 
hypervalent bonding at the attached sulfur center. 
-6- 
WRATARA/11, UQARR 
Osmotic molecular weights were determined on a Mechrolab vapor pressure 
osmometer (model 301A) at 37 °C anal.  mass spectra were obtained on a Hitachi 
Perkin-Elmer RMU-7L high resolution mass spectrometer with an 80 electron volt 
source. Proton nuclear magnetic resonance spectra were recorded on a Varian 
Associates model T-60A spectrometer and chemical shifts were reported versus an 
internal tetramethylsilane (TMS) standard and the abbreviations s, d, t, q, and 
m refer to singlet, doublet, triplet, quartet, and multiplet, respectively. 
Carbon-13 nuclear magnetic resonance spectra were obtained on a JEOL model PFT-100 
Fourier transform nmr spectrometer and the chemical shifts are reported versus a 
tetramethylsilane standard in the same manner as proton nmr. Infrared spectra 
were obtained on a Perkin-Elmer model 457 recording spectrophotometer using 
either 0.1 mm sodium chloride cells or a potassium bromide wafer. Ultraviolet 
spectra were recorded on a Beckman DB-GT spectrophotometer using one centimeter 
balanced quartz cells. Elemental analyses were performed by Atlantic Microlab, 
Inc., Atlanta, Georgia. Solids were identified by mixture melting point with 
authentic samples. 
Q). 1,3 -Dimethylimidazole - 
2-thione
9 
(12.8 g, 0.1 mole) was added in a single portion to a solution of 28.2 
g (0.1 mole) of Chloramine-T trihydrate in 200 ml anhydrous methanol at 27°. 
The mixture was stirred for two hours and then diluted with 75 ml anhydrous methylene 
chloride. The reaction mixture was then filtered through celite to remove the 
precipitated sodium chloride. The filtrate was cooled to -78 ° and the crysta- 
lline product which separated was collected by filtration. The crude material 
was recrystallized from anhydrous methanol to give 28.0 g (94%) of the thione 
S-imide as colorless plates: mp 185-190 ° (dec.); it (KBr) 3090 (C-H), 1260 
1 
and 900 cm ; Proton nmr (DMSO-d 6) 6 7.53 (s, 2H), 6 7.28 (q, 4H), 6 3.75 (s, 6H), 
-7- 
6 2.25 (s, 3H); Carbon-13 nmr (DMSO-d 6) 6 147.1 (s), 6 122.92 (s), 6 
►9 (s). and 6 20.75 (s); osmotic molecular weight (CHC1 3) 299.0. 
Anal. Cal. for C
12
H15N302S2 : C, 48,48; H, 5.00; N, 14.14; S, 21.55. Found: 
S.25; E, 5.14; N, 14.09; S, 21.38. 
This S-imide was recovered unchanged after 15 minutes reflux in o-xylene. 
/?.tOrtiaMPAI.1 	 -k-ANARRMAARRARAAX (Z). 1,1,3,3-Tetramethyl- 
urea (10.0 g 0.075 mole) in 50 ml of absolute methanol was added dropwise 
a period of one hour to 21.3 g (0.075 mole) of chloramine-T trihydrate; 
olved in 100 ml of methanol maintained at 0 ° . When the addition was complete, 
reaction mixture was stirred at 0° for an additional hour, and then the pre-
tated sodium chloride (2.98 g) was removed by filtration. The filtrate was 
entrated with a rotary evaporator under reduced pressure to a viscous oil. 
oil was dissolved in 150 ml of methylene chloride and the remaining sodium 
ride (total yield: 4.29 g (982)) was removed by filtration. The methylene 
ride was removed from the filtrate with a rotary evaporator under reduced 
ure to afford a clear colorless oil. While the resulting oil was rapidly 
td, 100 ml of anhydrous THE was added which caused 20.6 g (91%) of 1,1,3,3- 
ethyl-thiourea S-p-toulenesulfonimide to separate as a colorless powder: 
-134 ° (dec); uv max (CHC1 3) 243 nm (shoulder, c24,900), 272 nm (shoulder 
) and 300 nm (shoulder, 09840) it (CHC1 31580 (N=S=C), 1395 and 1165 cm 
1 
Proton nmr (CDC13) 6 7.74 (d, 2H, J = 8 Hz, aromatic CH), 7.21 (d, 2H, 
, aromatic CH), 3.12 (s, 12H, [(CH 3 ) 214) 2) and 2.37 (s, 3H, p-CH3 ); mass 
m/e (rel intensity): 269 (0.6), 155 (100), 146 (6.8), 132 (10); cryo- 
lecular weight (tert-butyl alcohol) Calculated: 301. Found: 288. 
-8- 
Anal. Calc. for C12H19N302S2 : C, 47.81; H, 6.35; N, 13.94; S, 21.28. Found; 
C, 47.57; H, 6.4; N, 13.76; S, 21.04. 
Although Z decomposes within a few days at roam temperature, it can be stored 




(5.0 g, • • •n 'u #1 • 	 • 	• V 
0.056 mole) was added dropwise over a period of 30 minutes to 15.8 g (0.056 mole) 
of chloramine-T trihydrate in 40 ml of absolute methanol maintained at -30 ° . As 
each drop was added, a precipitate of sodium chloride formed, followed immediately 
by an amorphous yellow precipitate of elemental sulfur. Similar results were 
encountered when the temperature was lowered to -50 ° . When the addition was com-
plete, the reaction mixture was cooled to -78 ° and 75 ml of anhydrous ether was 
added to cause precipitation of all products. The reaction mixture was filtered 
and the collected precipitate was titurated with 75 ml of anhydrous THF. The 
insoluble inorganic substances were removed by filtration and the filtrate was 
concentrated with a rotary evaporator under reduced pressure to give a colorless 
powder. Infrared analysis of the powder revealed the presence of p-toluene- - 
sulfonamide and a second component having a strong absorption at 1630 cm 1 . 
Fractional recrystallization with anhydrous THF separated the two compounds 
which were identified as 2-toulenesulfonamide and N-dimethylaminomethylene-
27toluenesulfonimide (6.27 g): 	mp 134-135 ° (lit. limp 133-135 ° ). 
tatintatmvkTp-AanmatRRARta: 9-Xanthione
12
(1.59 g, 0.0075 mole) in 35 ml 
of methylene chloride was added dropwise to 2.11 g (0.0075 mole) of chloramine-T 
trihydrate. The addition was done at various temperatures. At -30 ° a red 
intermediate formed immediately; however, it dissipated over a period of 30 seconds. 
At -50 ° the red intermediate formed at a slower rate, but it also dissipated 
within 30 seconds. At -78 ° there was no reaction. When the addition was complete, 
-9- 
the precipitated sodium chloride was removed by filtration and the filtrate was 
concentrated with a rotary evaporator under reduced pressure to afford a light 
yellow powder. Fractional recrystallization from 95% ethanol gave 0.026 g of 
N-xanthylidene-p-toluenesulfonamide m; 173-175 ° (lit. 13 mp 167-168 ° ); 0.659 g of 
9-zanthione and 0.571 g of 27toulenesulfonimide. 
RerA7WARARifirdwAtcantrsit 	Compound (0.20 g, 0.0007 mole) was placed into a 
small tube and slowly heated in an oil bath. When the bath temperature reached 
ca. 115 ° the sample began to darken. Melting occurred over a range from 126-134°. 
The sample melted to a dark red melt which then faded to a light yellow. When 
the bath temperature had reached 140 ° , the sample tube was removed and allowed to 
cool. The resulting mass was dissolved in hot anhydrous THF and filtered from 
an amorphous yellow solid which was identified as elemental sulfur. The filtrate, 
upon cooling, deposited 0.099 g (56%) of colorless needles which were subsequently 
identified as N-[bis(dimethyl)amino] methylene-E-toluenesulfonimide mp 140-143 ° 
 (lit.
14 
m; 143-145 ° ). 
These same products were isolated when Z was suspended in refluxing THF for 
24 hours. 
kgaketuketla 	Thione S-imide (0.42 g, .0014 mole) was added to 15 ml of 
anhydrous methanol at 25 ° to afford a colorless solution. Upon addition of 3 ml 
of water an exothermic reaction occurred and the solution became intensely 
yellow and remained so for 5 minutes at which time the color faded, Evaporation 
of the solvent under reduced pressure gave 0.42 g of a 1:1 mixture of 27toluene-
sulfonimide and 1,3-dimethylimidazole-2-thione as established by nmr spectro-
scopy and thin layer chromatography (alumina, EtOAc/Et 20 1:9). No other 
products could be detected. 
-10- 
 
(a) To a solution of 1,3- • 	1 	 V • 11 - 	 • 1  
   
dimethylimidazole-2-thione (1.28 g. .01 mole) in 50 ml methylene chloride at 25' 
was added m-chloroperbenzoric acid (17.3 g, .1 mole) in small portions. After each 
addition a very exothermic reaction with gas evolution occurred. The solvent was 
evaporated under reduced pressure and the remaining solid washed with cold 
aqueious sodium bicarbonate. The resultant solid appeared to be the starting 
thione by nmr analysis. A small sample was recrystallized from hot water and 
proved to be 1,3-dimethylimidazole-2-thione by mixture melting point comparison. 
(b) 1,3-Dimethylimidazole-2-thione (2.56 g, .02 mole) was dissolved in 200 ml water 
and cooled to 5° to which addition of 4 ml 30% aqueous hydrogen peroxide (1.2 g, 
.035 mole) led to virorous gas evolution. Under reduced pressure the volumn 
of the resultant solution was reduced to 50 ml, cooled to 5 ° and the crystalline 
precipitate which formed (2.5 g) was identified as starting thione. 
Lk/WAN/twist. To a solution of 	(.297 g, .001 mole) 
in a minimum amount of CDC1
3 
was added tetramethylthiourea (.132 g, .001 mole) in 
one portion. The reaction at 25 ° was followed by nmr spectroscopy and after 24 hours 
indicated the complete conversion of 	to Z and 1,3-dimethylimidazole-2-thione, 
without the formation of any other products. Evaporation of the solvent and 
crystallization of the residual solid from anhydrous methanol gave .12 g of Z. 
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